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The economic analysis reported in
this bulletin and in Bulletin 686 con
stitutes part of a larger, interdiscipli
nary fuel alcohol study involving SD SU
personnel in several departments. We wish
to ·acknowledge the following individuals
who have provided materials, data, and
advice:
Carl Westby and Bill Gibbons,
Microbiology Department; Ralph Alcock and
Kurt Bassett, Agricultural Engineering
Department; Tom Chisholm and Scott Stampe,
formerly in the Agricultural Engineering
Department; Clayton Knofczynski, Mechani
cal Engineering Department; Andrew Clark
and Howard Voelker, Dairy Science Depart
ment; and L. Ben Bruce, Animal and Range
Science Department. Special acknowledge
ment is given to Dr. Ardelle/Lundeen, our
colleague in the Economics Department who
reviewed various report drafts and colla
borated with us in some aspects of the
alcohol fuels research.
Research funds for this study were
received from the South Dakota Agricul
tural Experiment Station and from U SDA
Special Research Grant No. 59-2461-0-2099-0.
Published in accordance with an Act passed in 1881 by
the 14th Legislative Assembly, Dakota Territory,
establishing the Dakota Agricultural College and with
the Act of re-organization passed in 1887 by the 17th
Legislative Assembly, which established the Agricul-

metric measurement

conversions.

This publication on the economic
feasibility of fuel alcohol production is
based upon research conducted at South
Dakota State University ( SD SU ) from 1981
through 1983. It is a companion to our
recently published report entitled !
Small Scale Plant:
Costs of Making Fuel
Alcohol ( SD SU Agricultural Experiment
Station Bulletin 686, September 1982).
That bulletin detailed the costs involved
in fuel alcohol production. The present
bulletin compares those costs to estimated
returns from fuel alcohol and the feed
byproduct. Both costs and returns are
calculated on a 1981 basis.
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Small-Scale Fuel Alcohol Production from Corn:

Economic Feasibility Prospects
Thomas L.

Dobbs,

professor, and Randy Hoffman, research associate
Economics Department

Summary
Returns were compared to costs for a
small-scale fuel alcohol plant in this
study. Returns were based on use or sale
of 185 proof alcohol and a semi-wet dis
tillers wet grain ( DWG) feed byproduct.
Costs were based on a plant using corn as
the feedstock and producing 175,000
gallons of alcohol per year.
Given the assumptions used in our
analysis, small- or connnunity-scale
alcohol plants similar to the one focused
on do not appear economically feasible at
present. Only under a combination of
optimistic assumptions--about price
relationships and other variables--do

Introduction
Are small-scale fuel alcohol plants,
with corn as the feedstock, economically
feasible? We attempt to answer that
question in this report by comparing costs
of producing hydrous alcohol and dis
tillers wet grain ( DWG) in a small-scale
alcohol plant and transporting the pro
ducts to users with returns from the sale
or use of the products.
Details of the small-scale alcohol
plant cost analysis are contained in a
companion bulletin entitled � Small- Scale
Plant:
Costs of Making Fuel Alcohol ( SD SU

investments in small-scale plants appear
to have much chance of paying off.
Continued improvements in techno
logies for producing and using fuel
alcohol could improve the economic pros
pects. For example, the ability to
efficiently produce anhydrous alcohol in
small-scale plants could improve the
marketability and economic value of the
fuel product. Similarly, future sharp
increases in the costs of gasoline would
increase the value of fuel alcohol as a
substitute or extender, thereby enhancing
the economic feasibilty of alcohol plants.
It is also possible that certain feed
stocks other than corn might result in
lower costs per gallon of alcohol.

Agricultural Experiment Station Bulletin
686, September 1982) by Hoffman and Dobbs.
Analysis contained in that report was
based on interdisciplinary research
carried out with the pilot fuel alcohol
plant on the South Dakota State University
( SD SU) campus.
Since costs in that bulletin were
based upon 1981 price levels and methods
of technical operation, returns included
in the present bulletin are also cal
culated on a 1981 basis. In the
companion bulletin, costs were calculated
for two possible plant sizes and levels of
annual output. Only the larger size-3

capable of producing 175,000 gallons of
185 proof alcohol and 1,356 tons of 70%
moisture DWG per year--will be referred to
in this bulletin. Costs per gallon of
alcohol were less in the larger plant.

Costs presented in Bulletin 686 for
the "baseline" case with the larger plant
were $1.78 per gallon. That estimate was
derived under the following assumptions:
(1) each bushel of corn yields 2.6 gallons
of 185 proof alcohol; (2) corn costs or is
worth $2.50 per bushel; (3) the annual
interest rate at which the cost of capital
is amortized is 15%; and (4) the feed by
product is worth $39 per ton, based on its
nutritional value in a combination of
dairy heifer and cow rations. Changing
the values in the assumptions led to a
range of cost estimates for alcohol from
the larger plant. Those estimates were as
low as $1.59 per gallon and as high as
$2.30 per gallon. Methods of plant opera
tion other than the "standard" procedure
could also lead to different cost esti
mates.
( SD SU staff experimenting with the
plant have tried various types of stillage
supernatant recycling, for example. )

Feed byproduct credits were deducted
in arriving at the above fuel alcohol cost
estimates. Only dairy rations were con
sidered as uses for the feed byproduct in
Bulletin 686. In the present bulletin,
the focus for feed byproduct use is
broadened to include beef rations.
Consequently, we show how utilization of
the feed byproduct for either beef or
dairy animals might affect net costs of
fuel alcohol production.
An analysis of possible farm utiliza
tion and value of 185 proof fuel alcohol
was also developed, drawing on S D SU en
gineering experiments in fuel substi
tution.
Transportation costs involved in
distributing fuel and feed produced by a
small-scale plant are also treated in this
study.
(Those costs were not included in
Bulletin 686.) With their inclusion, the
necessary ingredients for an economic
feasibility analysis of small-scale al4

cohol production are in place. Trans
portation costs can be subtracted from
fuel and feed use values. Production
costs can then be subtracted from the
combined returns (net of transportation
costs ) to indicate whether or not a plant
is likely to be profitable.
Tax laws can also affect costs and
returns. Income tax credits available for
use of hydrous alcohol are accounted for
in the treatment of fuel values. In
vestment tax credits are not treated in
detail, but their possible effects on
costs are noted.
For purposes of the transportation
analysis in this study, it was assumed
that the fuel alcohol plant is located in
the center of Moody County. That county
is situated in eastern South Dakota, along
the border with Minnesota. The trans
portation analysis was intended not only
to determine dollar costs of moving fuel
and feed to users, but also to indicate
the probable marketing territory size for
a small- or connnunity-scale plant.
For brevity, many details of our
analyses are not included in this report.
Details of the cost analysis are contained
in Bulletin 686, available from the senior
author or from the Bulletin Room at SD SU.
The senior author will also provide de
tails of the fuel and feed returns ana
lyses on request.

Utilization, Value, and Marketing
of Fuel Alcohol
The alcohol plant used as the model
for this analysis is capable of producing
alcohol of around 185 proof. Alcohol with
this much water cannot readily be mixed
with gasoline to be used as gasohol.
Therefore, it must be considered as the
sole fuel source for gasoline and diesel
engines or must be inj ected into those
engines via modified equipment. The
extent to which the average farm consumer
is able and willing to modify his farm

machinery engines to run on alcohol will
determine both the value of the alcohol
and the marketing area that will be needed
to dispose of the plant ' s annual output.

fore, annual (amortized) engine conversion
costs are only $238 per tractor. The
annual cost of modification per gallon of
alcohol depends, of course, on how much
alcohol is used in the tractor over the
course of the year.

1
Value of fuel alcohol in farm operations

In another SDSU study, Bassett and
Chisholm evaluated the performance of
alcohol fuel used in an Oliver 1550 gaso
line tractor. Gasoline was used for cold
starting, and then the engine was switched
to alcohol after warm-up. Installation of
a separate fuel tank at the front of the
tractor and some carburetor adjustments
were required.

Fuel alcohol can be used in both
diesel and gasoline farm engines. The
amount of fossil fuels assumed replaced by
alcohol in this report has been determined
from studies c onducted by the Agricultural
Engineering Department at SDSU and by
c onsultation with SD SU agricultural en
gineers. One of these studies ( Bassett
198la) involved altering a Ford 8 000
diesel tractor for fuel alcohol use by
installing an M & W Gear Co. turbocharger
and "A quahol " in j ection system.
Results showed that this modification
allowed 10% of the diesel fuel to be
replaced by alcohol fuel without a signi
ficant c hange in power output. However,
1.5 4 units of 185 proof alcohol were
required to replace each unit of diesel
fuel. This indicates that 185 proof
alcohol used in diesel engines is worth
approximately 65% of the value of diesel
fuel. In 1981, with diesel fuel at $1.15
per gallon, that would have amounted to
$.75 per gallon.
From this value we must subtract the
cost of modifying the diesel tractor. The
cost of purchasing and installing an M & W
inj ection kit in 1981 would have been
approximately $800. If a turbocharger is
not already present, that also must be
installed. That would cost an additional
$900. The total modification cost of
$1, 700 amortized at 15% over 5 years
equals an annual cost of about $500.
However, we assume in this analysis that
the diesel tractors converted for alcohol
use already have turbochargers. There-

1

The alcohol in their study had an 11%
higher thermal efficiency than gasoline,
and its maximum power was 19% less than
gasoline. Horsepower per gallon was also
lower for alcohol than for gasoline.
Evaluation of these results led us to
assume that ethanol can be substituted for
gasoline in farm tractors in a ratio based
on relative BTU values of the two fuels.2
On this basis, it would require 1.65
gallons of 185 proof alcohol to replace
each gallon of gasoline. Hence, when used
in gasoline engines, 185 proof alcohol is
worth 61% of the value of gasoline. In
1981, with gasoline costing about $1.30
per gallon, the alcohol value would have
been $.79 per gallon.

As in the case of diesel engines, the
c ost of modifying a gasoline tractor to
run on alcohol should be subtracted from
the replacement value of alcohol. The
total cost of engine adjustments and extra
parts on a gasoline tractor would be
approximately $200. Amortizing this c ost
over 5 years at 15% interest results in an
annual modification cost of about $80.
The annual modification cost per gallon of
alcohol depends on the amount of alcohol
used in the tractor during the year.

For more details concerning the assumptions and calculations in this section,
contact the senior author of this bulletin .

2

This decision was reached in consultations with Mr. Ralph Alcock of the SD SU
Agricultural Engineering Department.
5

Two other studies have a lso r ecently
been conducted at SD SU invo lving the
r ep lacement of gasoline with ethano l .
One, by Kelkar, concerned the perfonnance
of a lcoho l used in a stationary gaso lin e
engine: a 10%-90% mixture of 186 proof
a lcoho l and gaso line could provid e power
equa l to that of gaso lin e a lon e, and wou ld
not requir e a larg er vo lum e of fue l to be
burned . However, because of questions
about the stability of this mixtur e,
especia l ly at coo ler temperatur es, we
d ecided not to assume that hydrous a lcoho l
c ou ld be mixed with gasoline in farm
app lications at this point .
Another study, conducted by Bassett
(198 lb), invo lved the use of 190 proof
a lcoho l in a 1974 Dodge pickup . Low
mileage, problems with start-ups, and
engin e ki ll after stops wer e initia l
r esu lts.

Incom e tax credit
An incom e tax cr edit can be obta ined
for use of straight a lcoho l (with dena
turant) as a fuel in a trade or business .
Thus, p ersons buying and using a lcoho l
from a p lant such as the one depict ed in
this r eport would be entit led to file for
an incom e tax cr edit. In 1981, this tax
cr edit provision was worth $.30 p er ga llon
for a lcoho l of at least 150 but l ess than
190 proof (Interna l Revenue Service). At
the present time, however, the cr edit is
now worth $.3 75 per ga l lon of a lc �ho l in
that proof range (U.S. Congr ess).
A
farm user of a lcoho l fu el who can ben efit
from additiona l incom e tax cr edits would
presumably be wi lling to pay mor e for th e
fu e l than he would be in the absence of
this tax credit provision. We assum e for
purposes of ana lysis that a farm er would
pass the fu l l cr edit on in terms of a
higher purchase price for fu el a lcoho l .
W e use her e the 1981 cr edit of $ . 30
per ga l lon, to be consistent with oth er
1981 costs and prices in the ana lysis.
3

Whether the current ly higher cr edit-
approximately $ . 08 more than it was in
1981 on 185 proof a lcoho l--is like ly to
make much difference in the economic
feasibi lity of sma l l-sca le a lcoho l p lants
is discussed later in the report .

Loca l mar keting possibi lities:
Moody County examp le
A cost that shou ld not be ov er looked
is that of delivering fu el a lcoho l to farm
customers. Transporta tion costs for
de livery from the hypothetica l Moody
County p lant hav e been estimated on the
basis of c ertain assumptions a bout average
li quid fue l use per farm and th e spatia l
distribution of fu e l a lcoho l c onsuming
farms.
Agricu ltura l fu el usage in Moody
County . --The a lcoho l p lant hypothetica lly
located in Moody County is assum ed to
produce 175,000 denatured ga l lons of 18 5
proof a lcoho l per year. Fue l usage on an
av erage farm in Moody County is need ed to
determine the number of farms r equired to
consum e this amount of fu el a lcohol, and
ultimate ly the r equired number of mi les
invo lved in de livering the a lcoho l . Table
1 depicts the diesel and gasoline usag e of
such a farm in 1978 . The number of
ga l lons of 185 proof a lcoho l n eed ed to
r ep lace 25% of a farm ' s gaso lin e usag e and
10% of a farm ' s diesel usage ar e a lso
shown.
Ther e ar e obviously a number of
assumptions that could be 11lade concerning
how much gaso line or diesel fu el might be
For
r ep laced by ethano l in farm use .
a base case, w e have assumed that 25% of
each farm ' s gasoline usage can be r ep lac ed
by 185 proof a lcoho l . Und er that assump
tion, ea ch average-sized Moody County farm
would be able to utilize 883 ga l lons of
185 proof a lcoho l annua l ly . Ther efor e, a
tota l of 198 farms would be n e ed ed to
consume the plant ' s a nnua l a lcoho l output
of 1 75,000 dena tur ed ga llons .

rn 1981, an income tax credit of $ . 40 per gal lon cou ld be obtained for us e of
alcoho l that was at least 190 proof . Th e credit for alcoho l of this proof level
is currently $ . 50 p er gal lon.

6

Table 1.

Potential annual fuel alcohol use on an average Moody County,
South Dakota farm in the base easel

Fuel

Total annual
fuel usage2
(gallons)

Volumetric value rela
tive to 185 proof
3
alcohol

Gallons of 185 proof
alcohol for 25% re
placement of gasoline
and 10% replacement
of diesel fuel

Gasoline

2, 140

1.65

883

Diesel fuel

2,082

1.54

321

Totals

4,222

1,204

1 An average Moody County farm contained 382 acres of cropland and pasture land
in 1978.
2

Information on fuel usage per farm and number of farms in Moody County was
drawn from the 1978 Agricultural Census.

3

The volumetric value figure for diesel fuel is based on an experiment done by
S D SU agricultural engineers in which 10% of diesel fuel volume was replaced by
ethanol. The volumetric value of gasoline in comparison to 185 proof alcohol
was calculated in this table on a straight BTU substitution basis.

F uel delivery costs in base case.-
The total cost of delivering fuel alcohol
to the farms that can make use of it is
dependent on two factors :
(1) the fixed
cost of purchasing or renting a bulk gas
truck; and (2) the variable costs of
operating the truck, which in turn depend
on the number of miles that must be
traveled.

Calculating the cost of purchasing a
bulk gas truck is a straightforward task,
but determining the total mileage of the
delivery route involves making two assump
tions. The first assumption is that the
782 farms in Moody County are evenly
distributed geographically throughout the
county. Thus, on average, there are three
farms located on every two square miles.
This means that the fuel m arketing terri
tory necessary to reach 198 farms is about
132 square miles.

The second assumption is that the 198
farms that will be using the alcohol
output are those located nearest to the
alcohol plant. Hence, fuel delivery costs
are based on the lowest possible mileage.
From the above information, a schedule
for delivering the fuel alcohol in Moody
County was determined as follows :
(1)

A bulk gas truck with a tank
capacity of 2, 500 g allons is
used to deliver the alcohol.

(2)

Each day that deliveries are
scheduled, the truck will de
liver 400 gallons of fuel al
cohol to each of 12 f arms.

(3)

The truck will deliver fuel to
e ach of the 198 farms twice per
year. A third delivery of 83
gallons will need to be m ade to
7

South Dakota

supply the necessary 883 gallons
needed annually by each farm.
It is assumed that the farmers
will be able to spread their
alcohol use out evenly for the
year, and that the farmers will
be responsible for providing on
farm fuel storage capacity that
is sufficient to do so.
In Figure 1, the shaded area of Moody
County represents the marketing territory
(the 198 farms nearest to the alcohol
plant). Given all the previously stated
assumptions, the total distance the de
livery truck would have to travel to make
one delivery to each of these farms would
be approximately 422 miles for the first
two deliveries. The third delivery re
quires only 197 miles in travel because
more farms can be reached per bulk truck
tankful due to the smaller volume de
livered to each farmstead. Therefore, the
total annual mileage for delivery of the
fuel alcohol would be 1,041 miles. This
mileage was increased 5%, to 1,093 miles,
to account for miscellaneous travel.
Costs for delivering the fuel alcohol
under these conditions are presented in
Table 2. Because the alcohol plant only
requires the gas truck· one fourth of the
time, it is assumed that the truck is
available for some other use the remaining
time. Therefore, only one fourth of the
annual fixed cost of owning the delivery
truck is assigned to the alcohol plant, or
$.01 per gallon of alcohol produced and
delivered.
The operating costs of delivering the
fuel alcohol to consuming fanns add
another $.013 per gallon, of which $.011
goes for labor payments to the truck
driver (Table 2). Combining fixed and
operating delivery costs indicates that
$.02 needs to be added to the cost of
producing each gallon of fu l alcohol to
z
account for transportation.

22 miles
Figure

1: Marketing territory encompassing fuel alcohol
delivery to the 198 farms nearest the alcohol
plant.

'*

Alcohol Plant Site

� Area

Covered by Delivery

Route

Engine conversion costs in base
case.--A gasoline driven tractor could be
converted to run on straight alcohol for
an annual cost of about $80. We assume in
the base case that 25% of each farm's
annual gasoline usage can be displaced by
alcohol. In calculating per gallon

4The assumption that the 198 farms closest to the alcohol plant would be those
using all of the alcohol is not necessarily totally realistic. However, even
if the alcohol marketing territory were to triple in size, it is estimated that
per gallon delivery costs would rise by less than 1/2¢.
8

Table 2.

A.

Fixed and operating costs associated with the alcohol fuel delivery
truck in the base case (175,000 denatured gallons of 185 proof
alcohol ·delivered)

Fixed costs

Full capital
cost

Item

Bulk gas
$25,000
truck
2,300
Vehicle
&
license
insurance
1 100
Tires
Subtotals

B.

Full annual
amortized
cost (15%
interest)

Useful life
(years)

1/4 of
annual amortized
cost

Cost/gallon
of alcohol
delivered

10

$4,975

$1,244

$.007

1

2,300

575

.003

5

328

82

$7,603

$1,901

$28,400

.000*
$.010

0Eerating costs

Item
Gasoline
Oil, filter,
grease
Labor
Antifreeze
Tune-up

Cost/unit

Units/year

$1.30/gal
$17.25/change

219 gall
2 changes

$5.00/hr
$15.00/change
$200/job

2
396 hours
1/4 change
1/4 job

Cost/gallon
of alcohol
delivered

Annual cost
$

284.70
34.50

$.002
.000*

1,980.00
3.75
50.00

.011
.000*
.000*

Subtotals

$2,352.95

TOTALS OF A AND B

$4,253.95

$.013

$.023
($.02, rounded)

*The annual cost per denatured gallon of alcohol is so small that it rounds to
0 at three decimal places.
1
2

1,093 miles/year

+

5 miles/gallon

=

219 gallons.

8 hours per day x 16.5 days per route

x

3 routes per year

=

396 hours
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engine conversion costs, it is further
assumed that one converted gasoline
tractor on each farm will be able to burn
all of the alcohol.
Therefore, the cost to each farm for
converting a gasoline tractor engine to
run on 185 proof alcohol is estimated as
follows:
$80/yr/farm for engine
conversion costs
883 gal of 185 proof
used/farm/yr

$0.09 engine
conversion
cost/gal of
alcohol

Fuel delivery and engine conversion costs
under other assumptions
Other fuel displacement assumptions
lead to different estimates of delivery
costs and engine conversion costs. One
different assumption included in the
analysis was that farmers in the vicinity
of the alcohol plant would replace 10% of
their diesel fuel with alcohol--in addi
tion to 25% of their gasoline fuel, as in
the base case. The typical Moody County
farm would then utili ze 1,204 gallons of
185 proof alcohol, compared to 883
gallons in the base case ( Table 1). This
would reduce the number of farms required
to consume the alcohol fuel from 198 to
145, also reducing travel miles to deliver
the fuel. However, calculations indicate
that delivery costs per gallon of alcohol
would be reduced by only a fraction of a
cent.
That very small reduction in fuel
transport costs would be greatly offset by
increased engine conversion costs. For
the small amount of diesel fuel displace
ment, significant engine conversion costs
would be involved. Annual diesel and
gasoline engine conversion costs combined
are estimated to be $.26 per gallon of
alcohol, compared to $.09 per gallon in
the base case involving only gasoline
displacement. Under these circumstances,

it clearly would not be reasonable to
expect many farmers to purchase fuel
alcohol to replace diesel fuel.
Though technical factors appear to
greatly limit on-farm use of hydrous
alcohol at present, new technology might
greatly expand the potential for use of
such fuel at some point in the future.
Tractors might be designed and manufac
tured specifically for alcohol fuel use,
for example. With the possibility of
much greater on-farm use of fuel alcohol
in mind, transportation costs were es
timated with the assumption that 50% of
both diesel and gasoline on farms could be
replaced by hydrous alcohol. However,
since engine conversion costs in this case
or costs of designing and manufacturing
tractors to burn fuel alcohol are not
known, these costs were not included.
Table 3 contains the set of fuel
displacement assumptions for this portion
of the analysis. The amount of ethanol
re quired to replace each gallon of gasoline
is the same as that shown in Table 1.
However, a larger amount of ethanol per
gallon of diesel fuel displaced is assumed
in Table 3 than in Table 1. With the
larger quantity of diesel fuel displaced
per farm in Table 3, with no experimental
data to draw on for such a large dis
placement, it seemed advisable to assume
that the ethanol would substitute for
diesel fuel in quantities proportional to
their relative BTU values. On that basis,
there is a need for 1.96 gallons of 185
proof alcohol for each gallon of diesel
fuel displaced.5
The combination of a higher sub
stitution rate of alcohol for diesel fuel
and larger replacement percentages for
both diesel fuel and gasoline increases
annual per farm use of alcohol to 3,806
gallons in Table 3, compared to only 1,204
gallons in Table 1. The number of farms
required to consume the plant's 175,000gallon per year alcohol output is reduced
from 198 in the base case (gasoline data
from Table 1) to 46 in this case. Those
46 farms would represent a marketing

5rnformation on the BTU contents of ethanol, gasoline, and diesel fuel was drawn
from Durland and Kelly and from the U. S. Department of Agriculture.
10

Table 3.

Potential annual fuel alcohol use on an average Moody County,
South Dakota farm, assmning 50% replacement of both gasoline
and diesel fuel1
·

Fuel

•

Total annual
fuel usage2
(gallons)

Gallons of 185 proof
alcohol for 50%
replacement of
diesel fuel and
gasoline

Volumetric value rela
tive to 185 proof
alcohol3

Gasoline

2,140

1.65

1,766

Diesel fuel

2,082

1.96

2,040

Totals

4,222

,

3,806

1An average Moody County farm contained 382 acres of cropland and pasture land
in 1978.
2

3

Information on fuel usage per farm and number of farms in Moody County was
drawn from the 1978 Agricultural Census.

volumetric value figures are based on the straight substitution of BTIJ's per
gallon between 185 proof alcohol and both diesel fuel and gasoline.

territory of 31 square miles, about one
fourth the base case territory.
In spite of the much smaller fuel
marketing territory, estimated delivery
costs are only a fraction of a cent per
gallon less than in the base case.
One
reason for this is that fixed costs of
owning the delivery truck are about the
same in each case. A second reason is
that the time a truck driver would need to
be hired and paid for is not greatly less
in this alternative case than in the base
case. Hence, even with the reduced
transport miles, fuel delivery costs are
still around $.02 per gallon.
Furthermore, the use value of the
alcohol would be lower in this case than
in the base case. This is due in part to
the large amount of alcohol required to
replace each gallon of diesel fuel com
pared to the amount required to replace
each gallon in the base (gasoline only)
case. In addition, since the value of

alcohol is determined by the cost of the
fuel it replaces, alcohol would be worth
less when replacing large amounts of
diesel fuel; the price of diesel fuel is
less than that of gasoline.

Conclusions on returns from sale or use of
185 proof alcohol
Estimates of fuel value and delivery
costs can now be used to draw conclusions
on the possible returns from sale or use
of 185 proof alcohol.
Estimates from the
base case can be used in the following
formula:
Return on
ethanol

Replacement
value of
ethanol

Fuel delivery
- cost

+

Engine
conversion
cost

Income tax
credit
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Plac ing the per gallon est imates from
the base case in this formula y ields the
following result:
Return per gallon
of ethanol= $ . 79 - .09 - .02

+

. 30= $ . 98

We can see that the sale value of alcohol
from the small-scale plant would be a
l ittle less than $1 per gallon under these
assumptions. W ith the current income tax
credit on 185 proof alcohol of $.375 per
gallon rather than the $.30-cred it in
effect dur ing 1981, the alcohol return
increases to around $1.05 per gallon.
The alternative fuel use assumptions
d iscussed would l ikely lead to lower net
returns than do those in the base case.
Hence, the base case fuel returns will be
used in the rema inder of th is report.
( Some ment ion will be made in the Con
clus ions section about the possibil ity of
marketing hydrous alcohol to plants that
would dehydrate it for use in gasohol.)

Util izat ion, Value, and Market ing
of D ist illers Wet Grain
Revenues from the sale of d ist illers
wet grain (DWG) will very strongly in
fluence econom ic feas ib il ity prospects for
fuel alcohol plants. Although some other
stud ies have conta ined est imated revenues
from the feed byproducts of alcohol
plants, l ittle attention has been devoted
to handling and market ing costs. The
present study does consider transportat ion
costs, as well as costs of preserv ing the
70% mo isture feed byproduct .

use of DWG in dairy rations . The con
clus ions, based on 1981 feed costs, are:
value in da iry he ifer rat ions, $65 . 85/ton;
value in lactating dairy cow rations,
$46 . 15/ton; and an average of the two,
$56 . 00/ton .
From these values, $12.60/ton was
subtracted for propionic ac id costs. It
was felt that prop ionic acid m ight be
needed in some c ircumstances to assure
that spo ilage of DWG is prevented for
approx imately 2 weeks .
Th is deduction
resulted in net feeding values equaling
$53.25 for he ifers, $33.55 for cows, and
$43 . 40 for an average of the two.
S ince transportat ion costs were not
est imated in the earl ier study, a d is
count of 10% was appl ied to account for
special handl ing and transportation costs.
This left net feed sale or use values of
$48/ton for he ifers, $30/ton for cows, and
$39/ton for the average .
On a per gallon
of alcohol fuel produced bas is, the by
product values resulted in credits of
$.37, $ . 23, and $ . 30 for he ifers, cows,
and the average, respect ively.

Value of DWG used in beef rations
The AGNET computer system was used to
est imate feeding values of DWG in beef
rat ions. The "Feedm ix" program was util iz
ed in early 1982, with feed pr ices as of
1981. The program determines the least
cost rat ion, g iven d ifferent ava ilable
feeds, feed pr ices, and nutr ition coeff i
c ients for alternative rat ions. Key
assumptions in the beef ration analysis
were the following:
(1)

the focus would be on feedlot
rations,

(2)

cattle would enter the feedlot
at 700 pounds and leave at 1,100
pounds, and

(3)

each animal would gain an aver
age of 2.75 pounds per day--thus
allowing for 1 45 days on rations
cons isting part ially of DWG.

Value of DWG used in dairy rat ions
Most of the nutrition research done
on use of alcohol plant feed byproducts
ind icates that the use value is greatest
in rations of ruminant l ivestock. Thus,
both beef and dairy animals are l ikely
users of DWG suppl ies. In our earlier
study (Hoffman and Dobbs), we exam ined the
12

G ive g various assumpt ions used in the
analys is, we found that DWG could econom
ically subst itute for some of the other
prote in supplements, some alfalfa, and
some corn in beef feedlot rations. The
least-cost rations included an average of
7.14 pounds of DWG (on a 70% moisture
basis) per day per animal. At th is level
of use, DWG had a value of $30.80/ton in
the beef rat ions.

of cattle annually. G iven the previous
assumpt ions on DWG consumpt ion per animal,
the amount of DWG each beef fattening farm
can be expected to purchase each year is
computed as follows:

Subtract ing $12.60 per ton for pro
p ionic acid results in a value of $18.20/
ton. A further 10% deduct ion for handl ing
and transportat ion costs y ields a net feed
sale or use value in beef rations of
$16/ton, or $.13 per gallon of alcohol
produced. Th is is a much lower feed
byproduct value than was est imated for the
dairy animal rat ions.

W ith each beef fattening farm us ing
41.9 tons of DWG annually, the alcohol
plant ' s output of 1,356 tons could be
totally consumed by about 32 farms.

The following sect ion contains esti
mates of transportat ion costs for dis
tr ibut ing the feed byproduct, so that the
very rough 10% deduct ion can be altered.

Local market ing poss ib il it ies:
County example

Moody

The DWG market ing analys is is con
cerned with determining the costs of
transporting DWG from the hypothetical
Moody County alcohol plant s ite to con
suming beef farms. The cost est imates are
dependent on assumpt ions about the average
amount of DWG that can be consumed per
farm and the spatial d istribution of beef
cattle fattening farms throughout Moody
County.
The hypothet ical fuel alcohol plant
is capable of producing about 1,356 tons
of 70% moisture DWG annually. To cal
culate the costs of del iver ing that annual
output to consuming farms, we had to know
the average DWG consumpt ion capabil ity of
each ind iv idual farm. The 19 78 Census of
Agr iculture shows that an average Moody
County beef fattening farm sells 81 head

(81 head per farm) ( 7 .14 pounds of DWG/head)
(145 days/head in feedlot)
83,859 . 3 pounds
of DWG fed per farm per year, or about 41.9
tons
=

Feed del ivery costs in base case.-
Feed del ivery costs are based on the f ixed
cost of owning or rent ing a del ivery truck
and on the var iable costs of operating the
del ivery truck. Var iable costs depend on
the m iles the truck must travel to del iver
feed and on the amount of t ime it takes to
travel the del ivery route.
In th is analys is, the del ivery route
has been calculated under the assumpt ion
that the 23 7 beef fattening farms of Moody
County are evenly d istr ibuted geograph ic
ally throughout the county. Th is means
that there are about four beef fattening
farms on each 9 square m iles of Moody
County. Therefore, the market ing terri
tory envelop ing 32 beef fattening fa rms
would be about 72 square m iles.
Moreover, it is assumed in the base
case that the 32 farms nearest to the
alcohol plant will be the ones buy ing the
DWG. Thus, the del ivery route m ileage
will be at its absolute m inimum.
In F igure 2, the shaded area of Moody
County represents the market ing terr itory
for use of the DWG by the 32 farms nearest
to the alcohol plant. A schedule for
del ivery to those farms was based on the
following assumpt ions:
(1)

A 1-ton truck would del iver the
DWG.

6 For more details concerning assumpt ions (such as pr ices of feeds other than
DWG) and calculations in this sect ion, contact the senior author of th is
bulletin. It should be noted that DWG could be used as a prote in supplement in
rations of smaller beef animals (e.g., in the 400-700 lb range), as well.
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for reloading and weighing
before delivering to the next
farm.
(4)

The delivery truck would need to
deliver about 1.6 tons of DWG to
between two and three farms
daily, on average. This de
livery schedule would provide a
2-week supply of DWG to eaoh of
the 32 consuming farms every 2
weeks and would permit deliveries
consistent with the production
capabilities of the alcohol
plant. Delivery time is estimated
to average 3 hours per day, 365
days per year.

Delivering DWG to the 32 consuming
farms would result in total annual de
livery mileage of 9,334 miles. Adding 5%
for miscellaneous travel gives a total of
9,800 miles.
Colman
-

..__________

F�gure

22 miles -------

2: Marketing territory encompassing DWG delivery
to the 32 beef fattening farm nearest the
alcohol plant.

*

�

(2)

(3)
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Alcohol Plant Site
Area Covered by Delivery Route

Because it is assumed that the
DWG can be stored for only 2
weeks without spoilage, de
liveries must be made to each
consuming farm every 2 weeks.
The truck must be weighed before
each delivery to determine the
amount of DWG delivered. There
fore, it would be necessary to
travel to each farm, unload, and
travel back to the alcohol plant

Costs for DWG delivery are shown in
Table 4. All of the fixed costs for the
truck are applied to the cost of DWG
distribution. Since the truck will be
used every working day for at least 3
hours, it is unlikely that the truck could
be used practically by some other com
mercial entity during the remainder of
each day. However, the truck could be
used for other miscellaneous functions
around the alcohol plant. Total fixed
costs for DWG delivery amount to $.023 per
gallon of alcohol produced.
Operating costs associated with DWG
delivery are shown in part B of Table 4.
These total $.049 per gallon of alcohol
produced. Labor costs of $.031 per gallon
account for the largest share of operating
costs.
Fixed and operating costs for feed
byproduct delivery combined total $.0 7 per
gallon of alcohol produced by the plant.
This compares to costs of $.01 to $.04 per
gallon if we simply apply 10% deductions
for handling and transportation of DWG to
previously shown values for use of DWG in
dairy and beef rations.
Feed delivery costs under other
assumptions.--Feed delivery costs were

Table 4.

A.

Fixed and operating costs associated with the DWG delivery truck in
the base case (175,000 gallon fuel/year alcohol plant with 1,356
tons_/year of DWG)

Fixed costs

Full capital
cost

Item

Useful life
Ciears)

Full annual
amortized
cost (15%
interest)

Cost/gallon
of alcohol
delivered

1-ton
truck
Vehicle
license &
insurance
Tires

$14,000

10

$2,786

$. 016

960

1

960

.005

900

5

268

. 002

Subtotals

$15,860

$4,014

$. 023

B.

Operating costs

Cost/unit

Item
Gasoline
Oil, filter,
grease
Labor
Antifreeze
Tune-up
2
Weigh payments

$1. 30/gal
$14.75/change
$5.00/hr
$15. 00/change
$200/job
$2. 00/weigh

Units/iear
1
891 gal
3 changes
1,095 hours
1 change
1 job
912.5 weighs

Annual cost
$1,158. 30
44. 25

$. 007
. 000*

5,475.00
15.00
200. 00
1,825. 00

. 031
. 000*
. 001
. 010

$8,717.55

Subtotals

$12,731. 55

TOTALS OF A AND B

Cost/gallon
of alcohol
delivered

$. 049

$.072
($. 07, rounded)

*The annual cost per denatured gallon of alcohol is so small that it rounds to
0 at three decimal places.
1
2

9,800 miles/year

�

11 miles/gallon = 891 gallons

To weigh the truck carrying DWG, it is assumed that the alcohol firm
could use the local grain elevator scale. An average of 2.5 weighs per day
at $2/weigh times 365 days/year = $1,825/year
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also calculated on the assumption that
only every other beef fattening fann
reaching out from the plant, rather than
each fann closest to the plant, would
utilize DWG. This alternative assumption
causes the DWG marketing territory to be
144 square miles, compared to 72 square
miles in the base case. Delivery mileage
therefore increases from 9,800 to 14,140
miles.

The byproduct returns net of preservative
and transportation costs range from $.07
to $.30 per gallon of fuel alcohol. They
were calculated with the following for
mula:

The increased mileage causes operat
ing costs for the feed delivery truck to
rise from $.049 t� $.063 per gallon of
alcohol produced. (Fixed costs associated
with DWG delivery are assumed unchanged.)
Total fixed and operating costs of DWG
delivery thus rise from $.07 per gallon of
alcohol in the base case to nearly $.09
per gallon in this alternative case.

- Transportation cost

Other research at SDSU is currently
examining feed byproduct use and marketing
in a more dairy-oriented county of eastern
South Dakota.8 Preliminary results in
dicate that feed byproduct delivery costs
would come to about $.05 per gallon of
alcohol.
We thus have estimates of feed
byproduct delivery costs ranging from $.05
to $.09 per gallon of alcohol produced.
The middle-range $.07 per gallon estimate
from our base case thus seems reasonable.

Conclusions on returns from sale or use of
DWG
Our conclusions on returns from sale
or use of DWG are presented in Table 5.
7

Return on
feed
byproduct

Value of feed
byproduct in
livestock
ration

Cost of pre
servative

For the beef ration with transporta
tion costs as calculated in the market
territory analysis (as opposed to the 10%
deduction), the calculation looks like
this:
Feed byproduct
return per
$.24 - .10 - .07
gallon of
ethanol
=

The calculations for other parts of Table
5 were carried out in the same way. In
the last column, however, the transporta
tion cost deduction was simply 10% of the
feed value net of preservative cost. That
was the procedure used in our previous
report (Hoffman and Dobbs), in which we
referred to the 10% as a discount for
"handling and transportation".
Figures in Table 5 are intended to
convey a general picture of possible feed
byproduct returns to include in feasiblity
analyses of small-scale fuel alcohol
plants. They are not intended to be
directly used for feeding reconnnenda
tions.9 Actual feeding values in any
given situation will depend on sizes ·and
types of livestock being fed, alternative
feeds available, prices of alternative

The operating cost increase is due to greater gasoline consumption and more
man hours required to cover the delivery route. Manhour requirements in
crease to 4 hours/day, compared to 3 hours/day in the base case.

8
This research will be reported in a Masters thesis in Economics by Daryl
Brehm. The thesis is currently in draft form.
In that study, dairy animals
utilize the feed byproduct.
9
A more detailed analysis of how the "bypass" protein characteristics of
DWG affect feeding values might lead to higher value estimates than ours
in some cases.
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$.07/
gallon
of
ethanol

Table 5.

Estimated returns from sale or use of DWG (175,000 gallon fuel/year
alcohol plant with 1,356 tons/year of DWG)

Assumed use
of DWG

Estimated returns net of preservative
and transportation costsl
If transportation costs
If transportation costs
$.07/gal of alcohol2
are 10% of returns3
--feed byproduct returns per gallon of alcohol produced--

In beef rations

$.07

$.13

In dairy rations4

$.26

$.30

1
2

3

Includes $12.60/ton of DWG deduction for cost of propionic acid used as
preservative.
Assumes that alcohol plant is located in Moody County and that feed byproduct transportation costs are $.07/gallon, whether delivered to beef
or to dairy farms.
The 10% deduction is in lieu of a deduction based on the calculated cost
( $.07/gallon of alcohol)---c;y-feed byproduct delivery.

4 Returns based on average of values in use in dairy heifer and dairy cow
rations.

protein supplements, ration formulations,
etc.
Nevertheless, Table 5 does make clear
that net returns on feed byproducts could
be quite low in some circumstances.
Feeding DWG to some types of animals
(fattening beef, in this case) could give
much lower returns than feeding it to

other types (particularly dairy heifers,
in this case). Feeding large numbers of
animals in very close proximity to the
alcohol plant could increase net byproduct
returns in two ways. It could conceivably
reduce or eliminate the need for a feed
preservative, if the feed is consumed
quickly on a year-round basis. Trans
portation costs could also be reduced or
eliminated.
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Conclusions
We can pull the pieces of this analy
sis together by thinking in terms of the
following formula:
Returns net
of costs

Returns on
ethanol

Costs net of
byproduct credit

where:
(1)

Costs of pro
ducing the
ethanol and
feed byproduct

Costs net
of bypro
duct
credit

Returns on
feed by
product

and
(2)

Returns
on
ethanol

Replacement
Engine con
value of
- version
ethanol
cost

Fuel
- delivery
cost
(3)

Returns on
feed
byproduct

+

Income
tax credit

Value of feed
byproduct in
livestock ration

- Cost of
preservation
(4)

- Transportation
cost

Costs of producing
ethanol and feed
byproduct

Costs (before
deduction of feed
byproduct credits)
estimated in
Bulletin 686
(Hoffman and
Dobbs)

General results
An overview, obtained by including our
data in the above formula, is contained in
Table 6. Columns 4 and 6 of that table
both indicate negative "returns net of
costs" for various assumptions used in the
study. In other words, the type of alcohol
plant analyzed appears economically in
feasible.
The costs and returns situation ap
pears worst (-$1.03/gallon) with the
baseline production cost estimate combined
with the feed byproduct being fed to beef
18

animals and transportation costs being
estimated according to the routing method
used in this report. It is least bleak
(-$.61/gallon) when the lowest production
cost estimate (from Hoffman and Dobbs) is
combined with the feed byproduct being used
for dairy animals and transportation costs
being simply figured at 10% of the feed
value (net of preservative costs). Pro
duction costs in this latter case were
based on $2.00 per bushel corn, as com
pared to $2.50 per bushel corn in the
baseline case (Hoffman and Dobbs, Table 4).
According to these findings, either
returns on the alcohol fuel and the feed
byproduct would need to substantially
increase or costs of production would need
to substantially decrease for a small-scale
plant to be economically feasible with corn
as the feedstock.

Some return considerations
The returns calculations in Table 6
were based on the $.30 per gallon income
tax credit available in 1981 for users of
150 to 189 proof alcohol. However, it is
clear that figuring the current $.375 per
gallon credit on alcohol of this proof
would make little overall difference in the
prospects for economic feasibility. The
income tax credit would have to be more
than three times its 1981 level to bring
even the most optimistic situation depicted
in Table 6 into an economically feasible
realm.
Our returns calculations in this
report were all based on the assumption
that the hydrous alcohol would be used on
farms. However, it is sometimes possible
to sell hydrous alcohol to refiners who
take this product to the anhydrous stage to
be marketed and used in a 10% blend with
gasoline (as "gasohol," "super-unleaded
gasoline," or whatever term is used).
However, it is doubtful that even that
possibility would at present provide suffi
cient fuel returns to make feasible the
kind of small-scale plant we have analyzed.
In late 1982, anhydrous (200 proof)
fuel alcohol was worth $1.70 per gallon in
Omaha, NE. The price of anhydrous alcohol

Table 6.

Returns net of costs for a small-scale alcohol plant (175,000 gallon
fuel/year alcohol and 1,356 tons/year of DWG) when returns on alcohol
are $.98/gallon

(1)
When bypro
duct is used
as indicated

(2)
Returns
on feed
byproduct1

Baseline cost case2
(3)
(4)
Costs net of
Returns net
byproduct
credit
of costs

Low cost case3
(5)
(6)
Costs net of
byproduct
Returns net
credit
of costs

-----dollars per gallon of alcohol produced----(1) In beef
animals
(a) With
transp. costs
estimated on
basis of route
analysis4

.07

2.01

-1.03

1. 82

-.84

(b) With
transp. costs
estimated on
10% of basis
of feed value

.13

1.95

- .97

1.76

-.78

(a) With
transp. costs
estimated on
basis of
route analysis

.26

1.82

- .84

1.63

-.65

(b) With
transp. costs
estimated on
10% basis of
feed value4

.30

1.78

- .80

1.59

-.61

(2) In dairy
animals

linformation taken from Table 5.
2

Baseline case in the earlier report by Hoffman and Dobbs, where costs of production
before deduction of feed byproduct credit are $2.08/gallon.

3 Low

.
.
. the ear1ier
.
estimate
in
report by Hoffman and Dobbs, where costs of production
before deduction of feed byproduct credit are $1.89/gallon.

4

In this base case, beef farms closest .to the plant utilized the DWG.

19

across the country was about $.05 per
gallon less than it had been a year earl ier,
in late 198 1. Thus, let us assume that
anhydrous alcohol in th is region was worth
about $ 1. 75 per gallon in late 198 1. Over
the past year or so, 185 proof alcohol sold
for about $. 40-.50 per gallon less than 200
proof alcohol--when a market could be
found. If we subtract $. 45 from $ 1. 75,
that leaves an est imated market value of
$ 1. 30 per gallon of 185 proof alcohol.
Even ignor ing some transportat ion
costs the seller may well have to
bear, the prospects for pl ant feasib il ity still do not appear good. The
$ 1. 30 return is only $. 32 per gallon more
than that est imated as the return for
alcohol used on farms near the plant. We
can see in col umns 4 and 6 of Table 6 that
costs exceed returns by much more than that
in all instances.
Eventually, if a well integrated
regional system of small- and large-scale
alcohol plants were to develop, the pr ice
of hydrous alcohol m ight substantially
improve relat ive to the pr ice of anhydrous.
Large plants m ight then contract with small
plants for regular suppl ies of hydrous
alcohol, to dehydrate and market along with
the ir self-produced alcoho l. If this were
to come about, it could help to improve the
prospects for economic feas ibil ity of
small-scale plants. At the present t ime,
however, the market for hydrous alcohol is
not well developed in many parts of the
country.
Another poss ibil ity for h igher returns
than those imbedded in Table 6 is in the
area of feed byproduct values. Est imated
returns for use in da iry he ifer rat ions
were h igher than in lactating da iry cow
rat ions. The est imate in the last two rows
of column 2 in Table 6 is based on an
average of the two dairy ration values.
Had we used the da iry he ifer ration value
alone, the byproduct returns for dairy use
(and associated alcohol plant returns net
of costs) would have been $.07 per gallon
of alcohol h igher. Although that is an

10
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improvement, it is obviously far from being
suffic ient to result in an econom ically
feas ible plant.
On balance, it is doubtful that our
returns est imates are too low for 1981 or
for the present t ime. In fact, it could be
argued in some instances that the returns
est imates are too opt imist ic. It may be
very d iff icult at present, for example, to
convince farmers in the vic inity of an
alcohol plant to make tractor convers ions
to ut il ize hydrous alcohol. It may also be
d iff icult in some instances to get farmers
to util i ze the sem i-wet DWG byproduct
without more of a price d iscount than is
suggested by our f igures.

Some cost cons iderat ions
Our companion publication (Hoffman and
Dobbs ) on alcohol product ion costs conta ins
a wide range of per gallon cost estimates.
Costs from the low end of that range are
reflected in column 5 of Table 6. That
column reflects costs when corn is pr iced
at $2.00 per bushel, compared to $2 . 50 per
bushel in the basel ine cost analys is case. 10
We can see, however, that even these cost
est imates do not result in an economically
feas ible plant.
Westby and Gibbons ( 1982 and 1 98 3 )
have carr ied out various experiments
regard ing plant des ign and operation to
determine if costs m ight be reduced,
examin ing such measures as recycl ing of
stillage supernatant, us ing cont inuous
cascade rather than batch fermentation, and
vary ing mash starch concentrat ion. Some of
these modificat ions appear to hold promise
for reducing costs of product ion. G ibbons
and Westby ( 1 98 3 ) report that one of these
measures-- increas ing the starch concen
trat ion--could reduce costs by approxi
mately $0. 40 per gallon of alcohol.
If some of these changes in comb ina
t ion could reduce costs by $.50-.60 per

Sensitivity analyses were also done on costs by varying alcohol yields (per
bushel of corn) and interest rates . None of those sensitivity tests
y ielded lower costs than are shown in Table 6, however .

gallon below those shown in our baseline
case ( co lumn 3 of Table 6) , one might have
costs net of byproduct credits as low as
rough ly $1.20-1.30 per gal lon in some
instances. Su ch costs are not very likely
at the present time for smal l-s cale p lants .
However, if achieved, they would bring su ch
plants much closer to e conomi c feasibility
than is indicated by the data in Table 6.
Even at costs of $1.20-1.30 per ga l lon,
returns on al cohol . would need to be higher
than have been estimated in our farm fuel
utilization analysis for an alcohol p lant
to operate profitably.
Another factor that could reduce costs
from an individual investor standpoint is
the existen ce of investment tax credits.
In addition to the permanent business
investment tax credit of 10%, fuel al cohol
plant investors are e ligible under certain
circumstances for a 10% energy investment
tax credit (U. S. National Al cohol Fuels
Commission ) . If one applies the full 20%
credit to our capita l cost figures (in
Hoffman and Dobbs ) , a reduction of
roughly $.04 per gal lon is obtained. This
is hardly sufficient to tip the feasibility
ba lance, given the estimates of costs and
returns presented in this report.
Some advances in te chnology and
methods . could result in lower per ga llon
costs than those figured in our baseline
case. Changes in other assumptions could
push costs higher, however. For instance,
a 15% interest rate was used to amortize
capital costs in the baseline case. Most
private investors would demand a much
higher return than 15% on money invested in
risky new ventures such as fue l alcohol
production. A doubling of the interest
rate (to 30%) used in amortizing capital

adds $.20 per gal lon to costs .
Other
changes in assumptions ( e.g . , lower yields
of a lcohol ) could further add to per unit
costs.
Costs of production for small-sca le
alcohol p lants may come down over time . At
present, th9ugh, our baseline cost esti
mates appear reasonable .

Final observations
The analysis presented in this report
indi cates that small-s cale fue l a l cohol
p lants are not likely to be economically
feasible at the present time . Only under a
combination of rather optimistic assump
tions, given recent and current te chno
logies and price relationships, do in
vestments in small-scale plants appear to
have much chance of paying off .
Continued improvements in te chno logies
for producing and using fuel al cohol could
improve the e conomi c prospects. The
.
ability to effi cient ly produ ce anhydrous
al cohol in small-scale plants, for example,
could improve the marketability and econo
mi c va lue of the fuel product . Likewise,
future sharp in creases in the costs of
gasoline and diesel fuel would in crease the
value of fuel al cohol as a substitute or
extender, thereby enhan cing the economic
feasibi lity of a lcohol p lants.
It is a lso possible that certain
feedstocks other than corn might result in
lower costs per gallon of alcoho l .
Current
resear ch at South Dakota State University
is now focusing on some of the a lternative
feedstock possibilities.
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ANNEX

Metric Measur ement Conversions
Conta ined here are certain convers ions of English to metric measurement
units . These conversions will be of use to ind ividuals wishing to determine
and state inputs, outputs, or costs found in this report in metric units .

Symbol

When You Know

Multi_Ely By

To Find

Symbol

MA S S (WGT)
oz
lb

g
kg
t
t

ounces
pounds
short tons
(2,000 lb)
long tons
(2,240 lb)
grams
kilograms
tonnes
(1,000 kg)
tonnes
(1,000 kg)

28 . 0
0.45
0.9

teaspoons
tablespoons
fluid ounces
cups
pints
quarts
gallons (U. S.)
gallons ( Imp)
cubic feet
cubic yards
milliliters
liters
liters
liters
liters
cubic meters
cubic meters

5.0
15 . 0
30 . 0
0 . 24
0 . 47
0 . 95
3 .8
4.5
0 . 028
0 . 76
0 . 03
2 .1
1 . 06
0 . 26
0 . 22
35 . 0
1 .3

grams
kilograms
tonnes

g
kg
t

1 . 01

tonnes

t

0 . 03 5
2 .2
1.1

ounce
pounds
short tons

oz
lb

0 . 98

long tons

VOLUME
tsp
tbsp
fl o z
c
pt
qt
gal
ga
1
ft
3
yd
ml
1
1
1
1
m3
m3

milliliters
milliliters
milliliters
liters
liters
liters
liters
liters
cubic meters
cubic meters
fluid ounces
pints
quarts
gallons (U . S.)
gallons ( Imp)
cubic feet
cubic yards

ml
ml
ml
1
1
1
1
1
3
m
3
m
fl o z
pt
qt
gal ( U. S.)
gal ( Imp)
ft3
yd3
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